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Abstract: The essential oil extracted from sage leaves and stems by steam extraction was analyzed
by CGMS. The results obtained indicate high a thuyone (24.27%), monoterpenes (66.66%), and
sesquiterpenes (19.04%) contents. This essential oil was tested on the eggs of Callosobruchus
maculatus (Coleoptera: Bruchidae), a stored foods pest, with different doses: 4, 8, 12 and 16 pl/L of
air.The hatching rate of eggs, the average number of eggs evolved into larvae, and the average
number of emergences were estimated by analysis of variance. The study showed that sage
essential oil had an impact on the evaluated parameters. Indeed, in the control lots, 97. 25% + 2.5
of the eggs hatched, while 96.75% * 1.25 evolved into larvae. The number of emergence is 96.5%
+ 1.72, while the batches treated at the 16 ul/L dose of essential oil air, yielded the following
results respectively: 33.5 + 4.123; 24 +2,38 and 19,5 + 3,109. These results are promising for the
development of a bioinsecticide based on sage essential oil.
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1. Introduction

Algeria is a country characterized by its considerable climate diversification, and for
this reason, it abounds in aromatic and medicinal plants.

Among plants with a high added value, a telling example would be legumes. They
are rich in carbohydrates, fats and proteins, in proportions 2 to 3 times higher than that of
cereals, which makes them compounds of choice in the diet. They are an adequate substi-
tute for animal proteins.

Cowpea seeds, and more specifically the species Vigna unguiculata (L) (walp), is a
great example. It is indeed an important source of nutrients in most emerging or develop-
ing countries, especially those of Africa and Asia, because of the high protein (23-25%),
starch (50-67%) and vitamins mature seeds contain [1]. Unfortunately, during storage,
cowpea seeds are attacked by rodents, fungi, and insects, especially Callosobruchus macu-
latus, and losses are very often considerable [ 2]. For the control of stored food pests, syn-
thetic insecticides or smoke are the most effective methods to keep these pests under con-
trol. But the presence of insecticidal residues in stored products, including their accumu-
lation in human tissues, has multiple consequences that can be dramatic. Additionally, the
emergence of resistant insect strains resistant is becoming increasingly worrying; nearly
2,000 cases of resistance have been recorded in 504 species; [3].

To cope with the presence of toxic substances, insects have adapted and developed
enzymatic systems that allow them to detoxify the harmful compounds to which they are
subjected. These enzymatic systems of biotransformation involve oxidation, reduction,
and hydrolysis performed by cytochrome P-450 mono-oxygenase and esterase. These
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reactions deactivate or convert the exogenous molecule into a more polar one, which can
then be stored or removed from the body [4]. It is therefore important to look for alterna-
tive control methods.

Indeed, the use of natural products derived from the secondary metabolism of plants

such as essential oils remains an alternative that opens up new prospects to preserve
the health of the consumer and the environment. Numerous works have been carried out
around the world for the isolation and characterization of the allelochimic compounds
used as a defense mecanism by plants with toxic potentialities (alkaloids, terpenes) [5],
repellent or anti-feedant compounds in the image of allomones (glucosinolates), [6] or
repellents (isothiocyanates) [7] to stored food pests.

It is in this context that our study, which consists in testing under laboratory condi-
tions

the bioinsecticidal effect of sage essential oil (Salvia officinalis) from Kabylie, in Alge-
ria, by fumigation on Callosobruchus maculatus F. (Coleoptera: Bruchidae), is carried out.

2. Materials and methods
2.1. Extraction and chemical analysis of sage essential oil

Sage leaves and stems (20 Kg) were collected in April 2018 in a village in Kabylie at
an altitude of 600 m. The leaves and stems were dried at room temperature for one
week (7 days). The essential oil was extracted by the water vapour drive technique by a
pilot extractor for 3 hours with a 0.2% yield. It appears to be a colourless liquid with a
camphor-like odour and a pungent flavour.

For the identification of the volatile compounds of the extracted oils, we used the
gas chromatography technique coupled with mass spectrometry at INRAP (Institut
national de Recherche et d'Analyses physicochimiques, Technopole Sidi Thabet, in Tuni-
sia).

The GC/MS device is an agilent one and the injection system is the split splitless.
The length of the column is 30 m, its diameter is 0.25 mm and the column is 0.25 pum thick.

The initial temperature of 40°C is maintained for one minute. The temperature
increases by 2°C / min to 240° C. The temperature is maintained for 20 minutes. The
temperature in the injector and interface is 250° C, the source temperature is 230° C.

The total ion chromatogram is recorded using an electronic impact source and
the kinetic energy of the ions is 70 eV. The standards were identified by the spectral
masses for the US National Standards Institute.

The results of the analyses of essential oils are presented in the form of a
chromatogram and a report by Database/ Nist (National Institute of Standard and
Technology).

The chromatogram shows several peaks. Each peak is represented by a retention
time that represents the nature of the essential oil compound and a percentage of the peak
area that constitutes the percentage of the oil compound relative to the other compounds.

As for Database NIST reports, this is a table that groups the characteristics of each
chromatogram peak (essential oil), according to the C/msd chem/1Method/HP16 HE
method. SAM-0.1M.

After identifying the different constituents of the essential oil, terpenic com-
pounds were classified according to the number of Cio units they contain, relative to the
total number of compounds of each essential oil (monoterpenes: C10Hie; sesquiterpenes:
Ci15H24 and diterpenes: C20Haz[ 8].

2.2. Insects

Mass breeding of Callosobruchus maculatus for bioassays was carried out in the
entomology laboratory of Mouloud Mammeri University (UMMTO), in the oven at a
temperature of 30 + 1° C and a relative humidity of 70 + 5%.
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2.3. Cowpea seeds

The healthy seeds of Vigna unguiculata used for mass breeding and bioassays come
from an organic farm located in the region of Tirmitine in Kabylie in the wilaya of
Tizi- Ouzou (Algeria).

2. 1- Evaluation of the toxicity of Sage EO by fumigation on the biology of C. maculatus

The effect of different doses of sage EO applied by fumigation on the development
of eggs under 24 h and the monitoring of the different life stages of the individuals that
emerged was carried out.

2.1.1. Treatment by fumigation

This test consists of studying the evolution of 100 eggs less than 24 h subjected to
the action of the different doses of essential oil of S. officinalis (4ul, 8ul, 12 pl, and 16
ul), by fumigation for 45 days.

1 liter volume glass jars were used. Pieces of 4 cm diameter filter paper n°1 were
attached by a wire to the centre of the covers, while the oil doses were injected on the filter
paper. A control was conducted in parallel to this trial. 100 eggs were laid on the seeds in
less than 24h. They were quickly put in the jars described above, then sealed hermetically
with adhesive tape.

After 24 hours, the seeds are removed and placed in glass Petri dishes of 15cm diam-
eter and 2 cm height. They are heated to a temperature of 30 + 1° C and a relative humidity
of 70 + 5%. 04 replicates were performed for each EO doses.

Hatched eggs were counted using a binocular magnifying glass from day one to day
six.

2.1.2. Studied parameters

Hatching of the eggs

The hatched eggs and non-hatched ones laid on the seeds are counted starting day
15 from the start of the test, under a binocular magnifying glass (G x 40). 100 eggs were
used in each test. So the hatching rate is calculated by the following formula :

Egg hatching rate = (Number of eggs hatched / 100) x 100

The determination of the lethal doses that cause 50% eggs mortality (LDso) was car-
ried out by graphing the regression line y = ax + b by transforming the corrected egg
hatching rates into probits and the dose values into decimal log.

Fiducial limits (95%) for LDso was calculated in order to situate the lethal dose which
achieve 50% C.maculatus hatching eggs.

Number of larvae
The regular counting of the larvae, starts from the 15th day until the 25th day.

e Emergence

The first-generation offsprings were counted from the 25th to the 45th day of the
start of treatment.

The viability rate is calculated by the following formula:

Egg viability rate = (Number of adults emerged / Number of eggs hatched) x 100.

2.1.3. Statistical analysis

The results were subjected to the ANOVA test according to a single classification
criterion. When the effect of the treatments is significant, the analysis is completed
by the test of Newman and Keuls at 5% (Logiciel Stat box ;[ 9]).

3. Results

3.1. Extraction and chemical analysis of sage essential oil
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Sage essential oilis a colourless liquid with a camphor-like odour and a pungent
flavor with a 0.2% yield.

The biochemical analysis of the essential oil reveals the predominance of three
compounds namely « tuyone (24.27%), camphor (18.10%) and 1-8 cineol (14.38%), but
there are also other compounds with medium or low proportions such as 3 thuyone
(7.38%) camphene (4.14%) caryophyllene oxide ( 4.96%), Limonene ( 3.25%).

The analysis of variance shows that the oil doses used affect C.maculatus eggs
in a very highly significant way (P = 0.0000, F = 266.115). Thus, the average hatching
rate in the control lots is estimated at 97.25%. This rate decreases with injected sage EO
doses to reach an average rate of 33.50 + 4.12 at the highest dose of 16/1 air.

The Newman and Keuls test that completed this analyses produced the histograms
in figures

5, 7, and 8 which show a decrease on C. maculatus hatching eggs, their evolution
to larvae and in the adult emergence as the EO dose increase.

The LD5g deduced from the regression line is 6.38ul /1 air.

The fiducial limits calculated are 4.42 pul /lairand 8.34 pl/1a
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Figure 5. Rates of egg hatchability values (+ standard deviation) observed in C. maculatus after.
treatment with S. officinalis EO by fumigation as a function of dose (ul /1air) (The averages fol-
lowed by different letter are very significantly different, according to the Newman and Keuls
test, at the P=5% level)

J Action on the evolution of eggs into larvae

The evolution of the eggs of the control batches into larvae is estimated at 96.75%,
this rate decreases while doses increases.

The analysis of the variance shows that the oil doses used affect in a very significant
way (P = 0.0000; F = 405.358). This rate shows a clear decrease with the sage EO
treatment. Indeed, the average rates fall as the dose of EO increases to reach 24.50 % +2.58.
Fig.6.
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Figure 6. Rates values (+ standard deviation) of C. maculatus larva observed after treatment
with S. officinalis EO by fumigation as a function of dose (ul / I air) (The averages followed by

different letter are very significantly different, according to the Newman and Keuls test, at the P=
5% level).

o Action on the emergence

Statistical analysis of the obtained results shows that the emergence rate depends
on the dose of oil used. In the control

batches, the average rate of emerged adults is 96.5% + 1.73. This rate decreases in

the case of eggs subjected to the inhalation action of sage oil with decreasing emergence
rates to reach 19.5 % + 3.10 at 16ul /1 air dose.
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Figure 7. Rate values (+ standard deviation) of C. maculatus emergence observed after treatment
with S. officinalis EO by fumigation as a function of dose (ul /1 air) (The averages followed by

different letter are very significantly different, according to the Newman and Keuls test, at the P=
5% level).

4. Discussion

The main components of S.officinalis are a-thuyone with a 24.27% rate, camphor
with 18.10% rate, eucalyptol (14.53%) and [-thujone (7.38%). At the same time, other
sesquiterpene compounds exist, such as limonene (3.25%), camphene (4.14%), caryo-
phyllene (4.96%) or humulene (2.83%).
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The richness of the extracted EO in a thujone (24.27%), eucalyptol (14.53%) and
camphor (18.10% ) would pose it as an a thujone / camphor /eucalyptol chemotype. The
latter was not cited by [10] in defining the five chemotypes of S.officinalis.

All the chemical compounds of sage HE revealed by CG:MS have often been
characterized by their biocidal and repellent activity against many insects pests of the
stored food [11], [12]. [13]showed the richness of S.officinalis in 3 thuyone with 28%,
Linalyl acetate 21.4%, (3 caryophyllene and a humulene 5%. Many authors argue that
there is a correlation between the chemical composition of essential oils and variation in
biotic and environmental factors. Thus the geographical origin, the phenological stage
of the plant; the method of extraction, the nature of the soil... etc would strongly impact
the chemical composition of essential oils.

[14] showed a variation in the chemical composition of Diphasia klaineana Pierre (Ru-
taceae) essential oil in relation to flowering. Thus, the essential oil extracted from the
leaves before flowering is richer in monoterpene hydrocarbon compounds with 45.88%,
while that extracted after flowering contains 34.61%, but was found to be richer in
oxygenated sesquiterpenes (56.95%) compared to the oil extracted before flowering
(38.36%). This variation is the result of many metabolic and physiological mechanisms :
biosynthesis, degradation, transport, accumulation and bioconversion capacity Thus,
the hatching rates recorded in the batches subjected to the vapours of sage essential oil
are 33.5%, 37.75%, 54.75%, and 59.75% for the respective doses of EO Sage ( 4, 8, 12 and
16 pl/l air), compared to the control at 97,25%. This could be due to the presence of
two compounds at high concentrations : Thuyone and eucalyptol. Thuyone is a volatile
monoterpenic ketone produced by many plant species. [15] reported that the most
known neurotoxic effects are related to the GABA-dependent chloride channel. The neu-
rotoxicity mechanism of thuyones has been extensively studied in animals, cultured
neuronal cells and expressed receptors. The results of our study show that the hatching
parameter of eggs is greatly affected as the dose of essential oil increases. Our
results are consistent with those of other authors, as [16] showed biocidal activity
of S. officinalis after 24 hours of exposure to C. maculatus at a concentration of 15uL /1
air. [17] reported that a study related to the determination of the insecticidal potential
essential oils from Sri Lanka against the cowpea weevil C. maculatus raised on the seeds
of Vigna radiata has revealed the essential oil from black pepper seeds ( P. nigrum
) 0.8% caused total oviposition inhibition and 0.2% caused high adult mortality of C.
maculatus. The rate of evolution of eggs into larvae is very highly affected ( 24.5%) at the
highest dose of 16pl/1 air, this would be only the consequence of the reduction of the
number of eggs hatched to 33.5% and probably the intervention of thuyone and euca-
lyptol. Similarly, [18] reported that 1-8 cineole is neurotoxic, which has a negative
impact on development by inhibiting the development of S. zeamais and S.granarius
eggs, larvae and nymphs on wheat.

5. Conclusion

The sage essential oil from Kabylie is an extracted chemotype o thujone / camphor /
Eucalyptol. This oil demonstrated a very significant impact on the different biological
parameters of the C. maculatus life cycle by fumigation.

However, as with all other insecticidal molecules, precautions must be taken by
users and toxicological studies are required.
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